Introduction
Making appropriate financial decisions is one of the most important choices an individual may face during their lifetime. Pension saving in particular has become increasingly important with ever-growing longevity implying a need to ensure that savings and investments are adequate (Antolin, 2010) . Following changes announced in the UK budget in 2014, pension investors have been given new powers to withdraw their defined contribution pension savings from age 55 which can then be spent or self-invested as they choose. 1 Yet making optimal financial decisions is apparently becoming harder. It is widely believed that the financial markets are growing ever-more complex with an increasing array of potential investments to choose from. For example, structured products are commonly available but are often hard for retail investors to understand since they represent sophisticated hybrids of traditional assets with complex payoff structures (Bluethgen et al., 2008; Hunt et al., 2015) .
The information processing demands placed on investors when making choices are phenomenal as finance has a unique language which is itself evolving; the investment and tax frameworks also seem to be in a constant state of flux so that what is an optimal approach in a given tax year may not be so in the next. There is evidence that retail investors face substantial costs to acquire information and suffer from numerous cognitive deficiencies and biases that get in the way of making rational strategic choices to a greater extent than professionals (Shapira and Venezia, 2001 ).
Numerous studies have observed that risk aversion increases with age (including Boyle et al., 2011; Bucciol and Miniaci, 2011; Jianakoplos and Bernasek, 2006; McInish, 1982; Morin and Suarez, 1983) , most sharply for those in the lowest socio-economic groups (Schurer, 2015) , and it has been suggested that this factor stands out above all others affecting risk tolerance (Clark and Strauss, 2008) . As well as the evidence on the effects of age on risk tolerance from questionnaires and experiments, an examination of investors' actual portfolios (from the very limited number of studies that investigate this) corroborates the view that older investors take less risk since their holdings in equities and other higher-risk investments are both lower (Bellante and Green, 2004; Kumar, 2009 ; see also Bailey et al., 2003) . Older investors also demonstrate a much-reduced willingness to take risks with profits already achieved (Henninger et al., 2010) and have higher discount rates (Albert and Duffy, 2012; James et al., 2015) , although they are no less likely to take risks within a gain frame (Kurnianingsih et al., 2015; Samanez-Larkin et al., 2007) .
Furthermore, there is some suggestion that the relationship between risk aversion and age is non-linear -for example, Riley and Chow (1992) and Faff et al. (2008) suggest that it declines until age 65 but then rises thereafter, while Faff et al. (2011) find that it increases continuously with age but at an increasing rate. Yet there also exist other studies suggesting that risk aversion actually declines with age (e.g., Bommier and Rochet, 2006; Grable, 2000; Wang and Hanna, 1997) . Differences in findings across studies concerning the link between age and risk tolerance may be partly reconciled by observing the inconsistent definitions of elderly investors employed across studies, which may vary from mid-50s to over 70s (Henninger et al., 2010, p.268) , and differences in the methodologies used (with some studies using lab-based experiments, others surveys, and others still examining actual portfolio holdings).
While much of the existing evidence on the link between age and risk tolerance is drawn from US experiments, experiences or portfolios (e.g., Albert and Duffy, 2012; Boyle et al., 2012; Bucciol and Miniaci, 2011; James et al, 2015; Henninger et al., 2010; Yao et al., 2011) , some research has also been conducted in the context of Germany (Dohmen et al., 2011) , Australia (Bateman et al., 2011) , Norway (Fagerang et al., 2016) , Singapore (Kurnainingsih et al., 2015) , and Ireland (Larkin et al., 2013) . Despite the possibility for important cultural variation, differences in default retirement ages and the relative importance of state versus private pension provision, no obvious systematic differences in the patterns across countries emerge. We have been unable to uncover any comparable evidence for the UK.
In summary, while there is not universal agreement among researchers, the general consensus is very strongly that older investors are less risk tolerant. A possible explanation of this phenomenon that has garnered widespread support is that it results from cognitive decline with age so that such investors have more limited memory, and they process data more slowly and less accurately. For example, young people are more likely than the old to be able to get to grips with detailed information, while the elderly can only grasp the essence of ideas (Tun et al., 1998) due to changes in the frontal lobe (Rajah et al., 2010) . 2 The elderly often have greater difficulties multi-tasking than the young, and it may be that their cognitive resources are already exhausted in functioning effectively during their employment or performing day-to-day tasks (Verhaeghen and Cerella, 2002) , so that there is little left for the effective assessment of financial risks, which are then avoided entirely.
From a neurological perspective, this weakened performance is associated with both a reduction in the dopaminergic reward function and more temporal variability in the nucleus accumbens (Weierich et al., 2011) .
Only modest changes in cognitive function may be required to precipitate large changes in behaviour (Salthouse, 2001) . Ageing typically results in reductions in both working memory and information processing speed (Park and Reuter-Lorenz, 2009; Salthouse, 1990) . Rypma et al. (2001) show that the information processing power of the prefrontal cortex declines as individuals age, leading experiences and emotions to have an increased role in decision-making. This possibly reduces psychological resilience to investment losses and leads to a heightened tendency to sell risky assets at their lowest points following heavy losses (Browning and Finke, 2015) , which causes an average potential return loss of 1.6% per year (Friesen and Sapp, 2007) . A reduced capacity to determine and limit risks may encourage older investors to avoid taking such risks in the first place (Yao et al., 2011) .
Older investors are likely to have longer investment histories to draw upon when setting current financial environments into context, probably having witnessed several previous periods of market booms and busts (Yao et al., 2011) . However, changes in affective processing of information may more than offset this, leading them to focus even more than youngsters on recent experiences (Weierich et al., 2011) . Older investors are more likely to project their current feelings into the future (Gilbert and Wilson, 2009 ). It appears to be the slower, more deliberative decision-making tools required for effective financial selection that are weakened with age, whereas the fast, automatic, reactionary processes remain relatively intact (Hess, 2015) , linking with a tendency among the elderly to excessively focus on recent information and performance. Older investors also exhibit a greater need for 'cognitive closure', being intolerant of ambiguity and uncertainty, which makes them more inclined to make rapid decisions (Koscienlniak et al., 2016; Kruglanski and Webster, 1996) .
It is not clear, though, whether the process of ageing on average causes simultaneous but independent declines in cognitive ability and risk tolerance, or whether it is the decline in cognitive ability as an investor ages that causes the reduction in risk tolerance as suggested, for example, by the results of James et al. (2015) . Browning and Finke (2015) find support for the latter in that once they control for cognitive power, the relationship between age and flights from stocks after the financial crisis disappears. Henninger et al. (2010) suggest that information processing rapidity and strength of memory act as mediators to age-related effects on risk aversion, so that when the former variables are incorporated into models to explain risk aversion, the impact of the latter is no longer significant. Boyle et al. (2012) also confirm this mediating effect, but to a lesser extent. Hence these studies argue that it is not getting older per se that causes changes in appetite for risk, but rather the neurological declines that typically accompany it. Thus, a decline in risk tolerance is not inevitable for those among the elderly who are able to maintain their powers of information processing and recall. Boyle et al.
conclude by proposing non-cognitive explanations for changes in risk-taking behaviour later in life, such as gradual changes in personality traits including neuroticism or a declining willingness to try new things.
The existing literature has a tendency to consider the elderly as a homogeneous group with a fixed set of characteristics; however, while this was probably never an entirely accurate assessment, it is now even less appropriate than before for several reasons. First, longevity has been increasing rapidly, so that now a healthy 60-year old in the UK can expect to live for a further 24 years (albeit with a large standard deviation), 3 making it ever more important that retirement savings are not expended too quickly. Second, following the abolition of mandatory retirement ages in the US through an Amendment to the Age Discrimination in Employment Act 3 Source: Global Age Watch Index, 2015: http://www.helpage.org/global-agewatch/population-ageing-data/life-expectancy-at-60/ in 1986 and in UK through the Employment Equality (Age) Regulations Act of 2006, the transition between employment and retirement is no longer an abrupt event taking place at age 60 or 65. Rather, it is a much more fluid concept, with some who can afford it choosing to stop work in their 50s (e.g., those in certain public sector roles with defined benefit schemes -see Mein et al., 2000) , while others may phase their retirement, working part-time for some years before leaving the workforce altogether. Finally, others still may continue to work full-time for as long as they are physically able -into their 70s and possibly beyond (Walker, 2002) .
Given the heterogeneity of the elderly as a group, the changing nature of old age, and the lack of agreement in the existing literature regarding its effects on attitude to risk, it is prescient that the link between age and risk tolerance is revisited within a multi-causal framework that allows for a range of other relevant factors so that the impact of age per se can be isolated. Employing a new database of the responses more than half a million adults making financial decisions using a psychometric risk profiling questionnaire, we examine how financial risk tolerance varies with age, allowing for a range of other demographic factors. Using a set of unique features of our data, we are also able to separate the impact of the client's capacity to bear losses and their investment horizon from their pure risk tolerance. We are able to control for gender effects, retirement effects, wealth effects, investment experience effects, and the impact of marital status. We evaluate the mediating impact that these variables may have on the link between attitude to risk and age. In addition, by exploiting additional detailed information from the manner in which clients complete the questionnaire and the consistency between their answers, uniquely we are also able to examine whether there are any differences between clients of differing ages that may relate to variations in their cognitive abilities rather than age per se. We show that while the explanatory power of the control variables for the cross-section of attitude to risk scores dwarfs that of age, there still remains a statistically significant pattern of older investors preferring to take less risk.
The remainder of this paper develops as follows. We first discuss the context in which our data are captured and describe its features in Section 2. Here we also present the methodology that is employed to conduct the main analysis. The results and findings are then presented and discussed in Section 3 with conclusions drawn in Section 4.
Data and Methodology

The Advisory Setting
Our study exploits a unique dataset that is, to the best of our knowledge, many times larger than anything available in the existing literature at over half a million observations. The data are obtained from Distribution Technology (DT), a UK-based provider of financial planning and front office wealth management systems.
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Many existing studies employ data over a fairly narrow age range, whereas ours covers people at every stage of their adult life, which we truncate at ages from 18 to 100. 5 Thus, a further benefit of our dataset and approach is that we make no a priori judgement as to what constitutes old age, since the sample includes large numbers of respondents from high-school leaving age up to those well into their 90s. This is important since the evidence on when cognitive changes begin to have a significant impact upon risk-taking behaviour is mixed and might have been anticipated to have increased over time along with retirement ages and health life expectancy. Fein et al. (2007) observe that the dip in performance on the Iowa Gambling Task takes place around age 55, while
Korniotis and Kumar (2011) do not observe a decline in decision-making skill until 70. In addition, it has been suggested in the literature that middle-aged adults might make the best financial decisions -having the benefit of both experience and retained cognitive abilities (Agarwal et al., 2009; Kurnianungsih et al., 2015 ) and yet almost all existing studies compare only the young and old while omitting the middle aged entirely from the analysis.
We now describe the context in which the financial risk tolerance assessments captured in our database are made. DT's core product, 'Dynamic Planner' is used by large numbers of independent financial advisors (IFAs) and wealth managers. Many retail investors make financial decisions following advice from an intermediary such as an IFA, with the advisory process typically involving several steps. The first stage is usually that the advisor asks the client to complete a risk profiling (also known as an attitude to risk or ATR) questionnaire as part of a wider discussion between them to ascertain the client's characteristics, lifestyle, level of wealth and salary, life expectancy and future investment goals.
DT provides two versions of the ATR questionnaire, including 10 and 20 questions (with the former being a subset of the latter); it is at the advisor's discretion which of the two is employed, and they are chosen in roughly equal proportions. 6 Each of the 10 or 20 questions is scored on a five-point Likert scale from 'Strongly Disagree' through 'Neither Agree nor Disagree' to 'Strongly Agree'. An aggregate integer result from 1 (lowest level of risk tolerance) to 10 (highest possible risk tolerance), which we term the 'calculated ATR score', is then formed by summing the scores from the individual questions. The process of risk profiling involves sensitising the client to the concept of a risk premium -in other words, the trade-off that is believed to exist between higher risk investments with potentially higher returns on the one hand and lower risk products 4 DT serves over 500 advisory firms and works with more than 100 asset management firms to risk profile their funds and portfolios, representing more than £150bn in invested assets. 200,000 clients complete DT's risk profiling questionnaire per year with £2 billion of client recommendations made in 2016 using Distribution Technology's Dynamic Planner interface. 5 A small number (only 0.875% of the initial dataset) of clients are recorded in the database as having ages outside this range; however, we attribute these to either data entry errors, or to advisors testing the system with dummy clients and we therefore truncate the sample in this way. 6 There is no a priori reason for which advisors would prefer to use the 10 or 20 questions. However, investors who answer the 20-question version are slightly more risk tolerant (see for instance Table 1 ), and wealthier (unreported statistics). The latter result is intuitive if advisors use the longer questionnaire with clients whom they consider to be of higher value.
but with less potential for large profits on the other. The advisor employs the ATR questionnaire to establish where the client most comfortably sits on this spectrum of risk tolerance.
The meeting between advisor and client usually has several objectives -as well as assessing the latter's appetite for risk through the completion of an ATR questionnaire, they provide broad evaluations of financial literacy or experience and an evaluation of the client's capacity to bear losses, their investment horizon, and whether the client may need access to the money to cover unforeseen circumstances. The financial advisor will blend information from these additional questions on capacity to bear losses and the more general discussion with the client to arrive at a final integer number on the 1-10 scale, which we term the 'selected ATR score'.
This selected ATR score may be lower, higher, or the same as the corresponding calculated ATR. by the advisor and so our observation of these additional demographics is less complete, albeit the numbers of data points available (tens of thousands) are nonetheless still very large.
Much of the existing evidence base arises from gambling tasks completed in an artificial setting, such as the Iowa Gambling Task, the Cambridge Gambling Task or the Balloon Analogue Risk Task. Additionally, most such studies involve fairly small samples of around 50-100 of two groups of participants: undergraduate students representing the young, and older adults drawn from the more general population. Since our data arise as part of a real financial decision-making process, they have the significant advantage that participants are making real choices and thus our sample does not suffer from the 'hypothetical bias' that would beset any study where the questions were asked as part of a purely academic experiment or as part of a more general survey as is common in the literature (see, e.g., Holt and Laury, 2005) . Camerer and Hogarth (1999) and Smith and Walker (1993) suggest that sufficient financial incentives are required to make participants behave 7 It would be interesting for future research to examine whether clients who have greater trust in their advisor are more willing to entertain portfolios with risks that differ more significantly compared with their revealed preferences than clients who do not, as Patacchini and Rainone (2017) suggest; similarly, it would be of interest to examine whether the difference between the calculated and selected ATR is greater for older than younger clients resulting from an assumption on the part of advisors about what such investors are likely to require. Indeed, Kara and Molyneux (2017) go further and suggest that outright discrimination may be taking place in the context of the UK mortgage market.
rationally. The size of our sample also ensures that it captures a rich diversity of decision-makers in terms of age, wealth, employment type etc. 8 We discard around 4.7% of the original observations to account for those clients who answer more than six (12) questions in the 10(20)-question version as middle answers ('Neither Agree nor Disagree'), which are taken to indicate a sufficient lack of engagement with or misunderstanding of the process that their responses may not be useful in measuring their risk tolerance. This 60% threshold is also consistent with market practice adopted by DT and such cases would trigger a warning for advisors on the system. 9 We are aware that strictly it is not valid to conduct tests of significance in the classical framework when the data can only take a narrow range (1-10) of integer values; however, we nonetheless follow much of the literature in doing this when discussing the summary statics. 10 As discussed above, we truncate the sample at both ends by dropping all data where age is <18 or >100, since we believe that there is a high chance that such entries would be either erroneous or represent cases where advisors are testing the system with 'dummy clients'.
Data Summary
liquidity. 11 As one would expect given the vast sample size, all correlations are significant at the 1% level except for that between age and capacity, which is significant at 5%. Intuitively, the calculated ATR score is negatively correlated with age (-0.23), but positively correlated with capacity for loss (0.40), timeframe (0.19) and liquidity (0.09). Again, as expected, the three capacity questions themselves are negatively correlated with age, so that older investors have lower capacity for losses, shorter time horizons and are more likely to need to cash in the investment at short notice, than younger investors.
It has been suggested in some studies that risk tolerance is time-varying, and declines following periods of economic turbulence or very poor investment returns (e.g., Grable et al., 2006; Tausch and Zumbuehl, 2016; Yao et al., 2004) . Bateman et al. (2011) observe a very modest moderation in risk tolerance immediately following the financial crisis period of 2008, although it did not affect the relative risk tolerance of young versus old or wealthy versus less affluent, a finding echoed in Gerrans et al. (2015) . However, it is also widely believed that risk tolerance is a deep-seated and stable characteristic relating to an individual's personality type, social and economic position, and psychosocial factors (Filbeck et al., 2005 ) that will vary very little, even over long periods (see, for example, Roszkowski and Davey, 2010) . McCrae and Costa (1994) suggest that personality traits are crystallised by age 30 and only vary very slowly thereafter, while Alan et al. (2017) identify a link between the risk preferences of mothers and of their daughters from as early as seven years old.
It is therefore not clear whether periodically observed switches away from risky assets ('flights to quality') and eventually back again reflect changing risk tolerance or merely the result of investors updating their expectations of future risk and returns as more information becomes available so that risky assets no longer provide the required premium and are sold. Hence apparent changes in risk preferences may merely reflect modifications in risk perception (Dohmen et al., 2011) . Survey evidence in Weber et al. (2013) supports this explanation that changes in portfolio composition following the financial crisis in 2008 can be explained by updates in subjective risk and return predictions.
We are able to shed light on this issue by considering the extent to which the calculated attitude to risk varies over our sample period and whether any notable peaks or troughs correspond with significant events in the financial markets or wider economy. In Figure 1 , Panel A we plot the (monthly) variation over time of the average Calculated ATR versus the (monthly) variation over the sample period of the number of clients from 1 January 2011 to 31 August 2016. The average Calculated ATR is remarkably stable over time and aligned to its sample mean value of 5.35, indeed suggesting that risk tolerance does not vary noticeably with changes in the underlying economic or financial environments. This result contrasts with some of the literature using surveys of undergraduates in a lab setting, such as Guiso et al. (2017) , who find that a financial crisis leads to 11 Capacity, time and liquidity are more fully defined in Section 2.3.
an emotional affect similar to watching a horror film combined with a decline in risk tolerance even among those who have not themselves suffered losses.
[Insert Figure 1 about here] Figure 1 , Panel B plots the calculated ATR score by age bucket for all clients and also separated out by gender; the feint dashed lines represent ±2 standard error bands. 12 It is apparent that, before controlling for any other variables, risk tolerance rises very slightly from age <30 to 35:39 before falling continually thereafter. Figure   1 , Panel B also shows that men are more risk tolerant for all age groups, although the gap between genders declines by about one third with increasing age.
Figure 2 plots the surface of estimated absolute probabilities 13 for each age bucket and for each calculated ATR, based on the specification presented in Table 2 . The surface describes the probability of an investor being allocated to a certain Calculated ATR score if his/her age is in a given bucket. The probability distribution is more skewed to the left as age increases. In other words, the older is the investor, the more probable he/she is to be allocated to lower attitude to risk levels. In general, investors aged less than 55 years are more likely to be allocated to a Calculated ATR score equal to 6, with probabilities ranging from 26.27%
for the age bucket 50-54 to 27.35% for the age bucket 35-39, followed by a score of 5 and 7. Investors aged more than 55 years old are more likely to be allocated to a Calculated ATR score equal to 5, with probabilities ranging from 27.54% for the 55-59 age bucket to a maximum of 28.26% for the 70-74 age bucket, followed by a score of 4 and 6.
[Insert Figure 2 and Table 2 about here]
The difference between 30-year old (or younger) and an 80-year-old (or older) shows more clearly the impact of age on the probability distribution of the ATR. On the one hand, the probability of being assigned to an ATR score of 6 and 7 is 8.16% and 11.27% respectively higher for clients aged less than 30 years with respect to an 80-year-old (or older). On the other hand, the probability of being assigned to an ATR of 3 or 4 is 8.57%
and 11.36% lower for 30-year-old (or younger) clients than for 80-year-old (or older) clients. In total 18.97%
of 30-year-old clients and 42.71% of 80-year-olds are likely to be allocated to a risk tolerance lower than or equal to 4.
Methodology
12 An ordered probit regression with time-fixed effects is employed in order to produce this summary plot -this is explained in the following sub-section. 13 We have also computed marginal probabilities instead of absolute probabilities since it is common practice when estimating ordered probit regressions. Results are quantitatively and qualitatively in line with the reported probability surface.
The key question we seek to address is whether attitude to risk varies systematically with age and if so, whether we can explain this variation using a pre-specified set of variables that capture the changing nature of the sample of respondents with age. In other words, is it age per se that affects ATR or does it act as a proxy for some other factors that also vary systematically with age? Thus the dependent variable 14 in the following regressions will be the calculated ATR score of investor i. Since this is limited to take one of a narrow range of integer values (1-10) only, OLS would be an inappropriate estimation technique and we therefore employ ordered probit 15 in all of the subsequent analysis. We begin with a simple model incorporating a limited number of control variables which we then gradually extend. The model is of the form:
where α' is a vector of cut-off points which are usually estimated in ordered probit models 16 (constant terms); & $ stands for the i.i.d. standard normal error term; Age i is the investor's age and is measured in years (and fractions thereof), and the parameter estimate on Age i 2 is multiplied by 1,000 for ease of presentation. We add a dummy 10QuestionVersion i which takes value of one when the investor completes the 10-question version of the questionnaire, and zero otherwise. A longer questionnaire could be perceived as being more accurate than a shorter questionnaire and thus the measured ATR score less susceptible to noise provided that boredom has not set in so that the client no longer takes care when completing the remaining questions. As a consequence of the latter, investors could answer less consistently and engage less the longer the questionnaire.
As a result of the noise/boredom trade-off we do not have any a priori expectation of the sign on this variable.
Male i is a dummy equal to one investor's gender is male, 17 and zero otherwise. % $ is a vector of additional explanatory variables which we summarise into four categories: risk capacity, demographic factors, health status and cognitive mediators in the relationship between age and ATR. % $ consists of the following variables.
Proxies for financial ability to withstand risk:
Capacity: It is the investor's financial ability to bear losses (e.g. the extent to which their employment income exceeds their outgoings). It is measured as a score variable which takes the value of zero when the ability is none or limited (N), of one when the ability is small or medium (M), and of two when the investor states that even large losses would have a low impact on their future lifestyle (i.e. large capacity to withstand losses), (L).
Time:
It is the client's investment time horizon. It is measured as a score variable with values ranging from zero to two according to whether the time horizon is short (S), medium (M) or long(L). The time horizon is 14 The dependant variable estimated in ordered probit models is latent unobserved probability and it is usually computed as a z-score. The probability of an ATR score j=1,2, …, 10 is calculated as the probability that the estimated regression model, plus an error term, is within a range of values (cut-off points) specific to the outcome j, which is the overall calculated risk tolerance score. 15 Estimation of ordered probit models is based upon maximum likelihood. 16 We do not report the estimated cut-off points for brevity. 17 Gender is an important control variable given the overwhelming finding that men are more risk tolerant across a variety of domains (e.g., Borghans et al., 2009). less than five years for short term investments (S), between five and ten years for medium term investments (M), and more than ten years for long term investments (L).
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Liquidity: It is the investor's perception of how likely it is that they would need access to the investment under consideration if they hit unforeseen circumstances. It is a score variable (values in the range 0-2) which equals zero if the investor is likely to need access to his/her investments due to a lack of alternative resources (L), one if the investor might need access and his/her liquidity is medium (M), and two if the investor reports that they have other savings which they could use for most needs and thus their liquidity is high (H).
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We expect that the higher is the financial ability to bear risks (so the higher the capacity, the longer is the time horizon, and the higher is the liquidity need), the more likely it is that the investor to be more risk tolerant.
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Proxies for demographic and investment factors: Investment Wealth: It is the investable wealth of the clients measured in thousands of pounds. We expect that the wealthier is the investor, the more likely is the calculated ATR to be higher.
Investment Experience: It captures both the investor's self-assessed level of experience in investing and his/her level of financial literacy. It takes integer values from zero to two according to whether the investor is not at all experienced and not very comfortable with investing (zero), whether he/she has medium level of experience and literacy, or whether the she is comfortable with investing and has some understand potential financial risks and rewards. We expect that the higher the investment experience, the more probable is the investor to be more risk tolerant.
Proxies for health status:
Good Health: It is the investor's self-assessment of his/her health condition. It is a binary variable which takes value of one if health is considered good by the investor, and zero otherwise. We expect that the better is the investor's health, the more risk tolerant he/she is likely to be.
Smoker:
It is the investor's smoking behaviour. It equals one if the investor regularly smokes, and zero otherwise. We expect that investors with smoking habits are more likely to be more risk tolerant as smoking is usually considered a risky activity in the health context.
Proxies for cognitive mediators between age and ATR:
Standard deviation of responses: This variable captures both the extent to which the investor is engaging with the questions when completing the questionnaire and the level of consistency in his/her responses. In other words, a very low standard deviation would indicate that the client has ticked the middle response a very high proportion of times, suggesting that the process was not being taken sufficiently seriously or that the questions were not being understood. At the other extreme, a very high standard deviation would suggest an inconsistency in the assessment of risk across the questionnaire as a whole and a high degree of noise in the responses, which may relate to reduced cognitive ability (Andersson et al., 2016) .
Absolute deviation of similar questions:
It is the investor's ability to answer similar questions with similar responses, measured as the average across four pairs of questions of the absolute deviation between each of the two similar questions. We expect that a higher average absolute deviation would demonstrate a lack of focus or concentration on the task at hand, and in line with the literature discussed above, the more likely is the investor to be less risk tolerance.
In all specifications, we allow for time fixed effects via year dummy variables. We are most interested in the combined effects of the Age and Age 2 variables. Therefore, for ease of interpretation, in the penultimate row of the results tables we also present an estimate of the model-fitted difference between the ATR score that would be expected for an 80-year-old compared with a 30-year-old, and these two extremes effectively demonstrate the effect that age can have on ATR. 24 We additionally report the marginal probability of a Calculated ATR equal to six 25 for all predictors in order to assess the marginal change in probability when the independent variables increase by one unit.
26
24 For both 30-year-old and 80-year-old, we estimate the probabilities (margins) of a client being allocated to each of the 10 ATR scores based on the ordered probit estimation. We then compute for both ages the model fitted ATRs (expected value) by summing the products between each probability and the relative ATR score. Finally, the model fitted difference is the spread between the expected ATR score for 30-year-old and 80-year-old 25 For brevity we report the marginal effects of only one possible ATR score. The choice is arbitrary and corresponds to the median calculated ATR for a young investor (see Table 1 ). 26 It is common practice to assume that the remainder of the variables are at their mean values. Table 3 presents the core results 27 on the link between age and the calculated ATR score. The column headed
Results
Initial Results on the Link between Age and ATR
(1) includes only age and age-squared as explanatory variables, and the parameters on both are significant at less than the 0.1% level, suggesting that before we control for any other factors that might affect it, the ATR score declines at an increasing rate with age. Therefore, following Riley and Chow (1992) and Faff et al. (2008;  2011), we find that the relationship between risk tolerance and age is non-linear. The parameter estimates are highly plausible and have the expected signs, but are modest in magnitude, however, and suggest that ATR declines very slowly with age. The pseudo-R 2 value for regression (1) is only around 1.5%, suggesting that other factors may have considerably more explanatory power for variations in ATR across clients than age, and that there is substantial additional heterogeneity. If age increases by one year, the marginal probability 28 of an ATR equal to six decreases by 0.2%.
[Insert Table 3 about here]
Column (2) of Table 3 incorporates the first two control variables into the regression: a dummy variable taking the value 1 if the client answers the 10-question version and 0 they take the full 20 questions, and a male dummy variable taking the value 1 when the client is male and zero otherwise. The corresponding parameter estimates are both significant at the 0.1% level, and have positive and negative signs respectively. In particular, after controlling for age, on average men have a higher z-score than women by around 0.3 standard deviations corresponding to 4.00% marginal probability of being in the ATR 6 category, which is of relevance since it is a level of risk tolerance one greater than the median ATR of the whole sample, which is equal to five.
The Effect of Age on Risk Attitude after Allowing for Risk Capacity
In the final four columns of Table 3 , we additionally include the responses to the three questions that measure the client's financial ability to weather potential losses: capacity, time horizon, liquidity, and an interactive variable that multiplies the three together. We find that all three are highly significant and of economically important magnitudes. In the case of the capacity variable in particular, comparing two clients in the extremes 27 All tables show y-standardised coefficients. This method allows us to compare estimates from different models and specifications. See for instance Long and Freese (2006) . 28 We show the total marginal probability of Age including both the linear and squared terms. This allows us to circumvent the issue of possible over-estimation of the distinct of linear and non-linear marginal effects of Age.
of this variable, one with limited capacity and one with large capacity, the probability 29 increases by 21.56%. Table 4 picks up the issue of capacity-time horizon-liquidity that was presented in Table 3 and separates out these variables into all possible combinations. This is useful since the way that they were used in Table 3 implies an embedded restriction that the variable is cardinal when in effect it is merely ordinal, and this restriction is now removed in Table 4 . We find that the results on the effect of these ability to absorb risk measures are intuitive and broadly the same as above. So, for example, for investors with large financial capacity to bear risk, long time horizon and high liquidity (i.e. they would not need to access the investment in a hurry), their z-score is on average more than 1.8 standard deviations greater than the reference category (which is no or limited capacity, short time horizon and low liquidity) and the marginal probability is 20%
higher.
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[Insert Table 4 about here] Table 5 extends the analysis to consider the effects of employment status on the link between age and risk tolerance. It might be expectable that older investors who continue to work beyond normal retirement age may experience lesser declines in their risk tolerance compared with those who cease work (Rohwedder and Willis, 2010) . Several employment categories exist in the DT system, some of which we have merged into: retired, semi-retired, director or partner, temporarily employed or contracted, not working, and employed (but not included in one of the previous categories). The number of observations including employment information is reduced to around 47,000 data points and since the sample is now smaller, we present again the first two regressions from Table 2 , columns (1) and (2). As one might expect, compared to the reference category 29 In all tables, we do not report the marginal probability of the interaction term capacity-time-liquidity, but the contribution of each factor conditional on the dependency between them. 30 Table 4 shows marginal probabilities for the case of an investor more risk tolerant than the average investor (six versus five in ATR scores). On the one hand, the marginal probability of an ATR equal to six does not change when capacity is medium or large. On the other hand, the estimated coefficient summaries the average effects on the z-score when considering all possible ATR scores. Indeed, for higher levels of capacity-time-liquidity, ATR scores greater than six are more probable.
(employed and self-employed investors), semi-retired investors are likely to be less risk-tolerant than the employed, but more risk tolerant than the retired. Clients who hold positions of considerable seniority in their organisations (directors or partners) are the only category probable to be more risk tolerant compared to the others (1.367%), their willingness to take financial risks perhaps mirroring those they must take regularly in the course of their jobs. It is also clear that incorporating employment information into the model to explain risk tolerance further reduces the influence of age. In particular, comparing columns (2) and (4), the reduction in ATR score between age 30 and 80 drops from 1.44 without the employment dummies to 1.29 including them.
[Insert Table 5 about here]
The effect of controlling for marital status when examining the link between ATR and risk tolerance is shown in Table 6 . In particular, we include separate dummy variables for clients who are in civil partnerships, and for those who are married, divorced and widowed, with single clients representing the reference category.
While the estimates on the latter three are statistically significant, they are of trivial magnitudes. In unreported results where age is excluded from the model, we find that the effect of marital status is much greater, and we therefore conclude that the two are highly related, with marital status going through several life-stages.
Similarly, if we examine the effect of including marital status on the numbers reported in the penultimate row of the table, we see that they take almost nothing away from the change in ATR score by age, causing a reduction of only 0.014 between columns (2) and (4).
[Insert Table 6 about here] Table 7 adds investment wealth, 31 reported in the final row of the first panel, to the set of control variables to potentially explain the link between ATR score and age since the literature indicates that risk aversion and wealth are negatively related (Chiappori and Paiella, 2011). As expected, holding all else equal, wealthier investors are likely to be more risk tolerant. For every additional £10,000 in wealth, there is a marginal probability increase of 0.04% for moving from an ATR five to six. However, wealth does not mediate in the relationship between ATR score and age, as the parameter estimates on the latter barely alter, and therefore nor does the figure in the penultimate row of the table.
Finally, in Table 8 we show the impact of investment experience in the relationship between age and ATR. As expected, investment experience is also positively related to the probability of higher risk tolerance, and its coefficients are highly significant. The more experienced in investing and knowledgeable about financial 31 We have preliminarily discarded responses where investment wealth is null or missing. We winsorize investment wealth and keep observations within the 1% and 99% range percentiles, including threshold values. This filtering methodology is applied by questionnaire type and gender.
literacy the investor is, the more risk tolerant he/she is likely to be. Being an experienced investor increases the marginal probability by 19.2%. Additionally, investment experience does alter the relationship between ATR score and age by more than 0.3 units in the difference between expected ATR for 30-year-old and 80-year-old investors.
[Insert Tables 7 and 8 about here]
Age and Health
It is an unfortunate fact of life that old age is usually correlated with an increased chance of poor health. It is expectable that those in a bad health will face future medical expenses, a reduced probability of any employment and possibly reduced life expectancy, all of which would be anticipated to increase risk aversion.
32
Therefore, two final variables that are incorporated into the demographic data collected by the DT system are on whether the client is in good health and whether the client is a smoker. These variables may also hold additional information on risk tolerance, since we might expect that those who are in poor health would be less risk tolerant while smoking is itself a risky activity from a health perspective and so this may correlate with greater willingness to take financial risks (Ert et al., 2013) . Results from including these additional factors in the model are presented in Table 9 , and show that health has the expected positive sign (good health = higher risk tolerance) with a marginal probability of more than 2%. Interestingly, incorporating the smoker dummy variable does not influence the self-assessed time horizon estimate at all, indicating that smoking does not reduce the expected investment term of the client or their risk tolerance. If we consider the effects of incorporating these variables on the effect of age in the second-to-last row of the table, we see that being in good health results in a reduction of the effect of increasing age by approximately 0.06 units; the addition of the smoker variable barely affects it, and if anything, it rises.
[Insert Table 9 about here]
Cognitive Mediators in the Relationship between ATR and Age
It would be inappropriate to jump to the immediate conclusion that cognitive decline associated with ageing is the cause of declining risk appetite since several other relevant factors are also typically changing with age, and it may be these related factors that are causing the reduction. First, the percentage of women clients increases substantially with age, primarily due to the greater longevity of the latter (from 39.77% for women less than 30-year-old to 57.07% for women in the age 80-100 in DT's database). Second, older people are less likely to be highly educated than the young, given substantial increases in tertiary education participation over the past 50 years, and there is evidence that risk tolerance increases with the educational level of the client.
Third, older people typically have higher levels of both wealth and investment experience than the youngest, simply because they will have had more time to accumulate them. Fourth, older people are more likely to be divorced or widowed, both of which also affect risk tolerance. Finally, the older a client, the more likely it is that they are retired, and there is also evidence that retirement is correlated with a decline in confidence and cognitive ability separate from a pure age effect, so it might be that risk tolerance for an older client who remains in employment beyond the traditional retirement age does not decline at the same rate as that of a peer who ceases work. There is evidence that the process of retirement itself may hasten the process of cognitive decline with age, since the requirement to keep the mind active in order to be able to function effectively as an employee no longer applies. 33 Cognitive ability is believed to systematically and positively affect risk tolerance (Benjamin et al., 2013) , and it has been suggested that cognitive decline may account for half of all age-related reductions in willingness to take financial risks (Bonsang and Dohmen, 2015) . Thus, as well as the cohort, generation and period effects of the decline in risk tolerance with age identified in the previous literature (e.g.,
Yao, Sharpe and Wang, 2011), we further suggest it could additionally comprise a gender effect, a retirement effect, a marital status effect, and a wealth effect.
Therefore, as we outlined above, by creativity employing information about how the questions are completed in combination, we are able to identify the extent to which each respondent exhibits consistency in decisionmaking. A first way that we can do this is to examine the percentage of middle answers that clients select, broken down by age. Clearly, for most clients, there will be some questions about which they do not feel strongly and thus a 'neither agree nor disagree' is the appropriate response. But if the middle answer is selected too frequently, it is more likely to be indicative of a situation where the client either fails to comprehend the question and thus selects middle answers as a 'safe' default option related to the central tendency bias, or it may represent a refusal to fully engage with the process. Therefore, Table 10 presents the percentage of middle answers selected by clients on average, separated by age bucket, gender, and 10-versus 20-question versions of the ATR survey. Although we might expect them to choose only 20% middle answers by chance alone if the responses were all randomly generated, the percentages reported in the table are always much higher but decline monotonically up to age 75:79 (overall and for men) and up to age 70:74 for women. This suggests that older investors are more likely to engage fully with the questions, and are less likely to select a high proportion of middle answers. Interestingly, however, the percentage of middle answers is always higher for the 20-question version, perhaps indicating questionnaire fatigue, and this difference grows with age, suggesting the enhanced resonation with the questions for older investors is partially offset by their reduced ability to remain in such a state for the longer questionnaire.
[Insert Table 10 about here]
An alternative way to determine whether rationality in decision-making varies with age is to examine the extent to which the clients select consistent answers across the whole questionnaire. One way to achieve this is to calculate the Cronbach's alpha reliability measure for all clients within an age bucket, which we do separately for the 10-and 20-question versions in Table 11 . 34 Since we employ the same set of questions and calculate the alpha separately for each age grouping, we interpret this as a measure of the extent to which each age group differs in terms of the consistency of their responses across questions. Reliability is a function of the number of questions in the scale, the sample size (which in our case is very large) and the way the questions are answered (see Foreman et al., 1998) . According to the psychology literature, risk tolerance actually becomes more stable with age and thus we might expect the Cronbach alpha to be constant or slightly increasing with age (Krosnick and Alwin, 1989). On the other hand, if older clients are suffering from cognitive decline, they are likely to find ATR tests more confusing and difficult to complete coherently. This is particularly the case at the onset of dementia (Thorgrimsen et al., 2003 ) and thus beyond a certain limit, we might expect reliability as measured by alpha to decline with age. On the other hand, when it's value is too high, it may indicate that the person is answering all questions in the same way-regardless of what the questions are, which would be indicative of lower cognitive ability (or a lower level of care or concentration). In addition, it is possible that a lower observed reliability in older people may simply suggest that the respondent feels the questions to be less relevant to them, and therefore they are not answered in such a consistent way.
We find that systematic change in Cronbach's alpha does occur to a very limited extent from 50-54 onwards.
For the 10-question version, it rises slightly from <30 to 40-44 and then remains stable at about 0.82 until age 60 before declining to reach 0.74 by >80 years old. For the 20-question version, the decline with age is barely noticeable, falling from 0.91 when the client is any age from <30 to 60 years old, up to 0.89 at >80.
[Insert Table 11 of Figure 3 presents the average (across the four instances) of the absolute deviation between each of the two similar questions. 36 A lower value of this figure would imply a stronger degree of concentration on the part of the client. We find that the average deviation is highest for clients aged 30:35 or below, and there is almost no difference at all in its level, which remains at 0.66, for clients over 40:44, providing strong evidence that cognitive decline or a lack of focus are unlikely to be the key factors explaining differences in risk tolerance by age. Table 12 builds on the graphical analysis of Figure 3 to include both the standard deviation of responses and the average deviation of similar questions as additional explanatory variables for the ATR score. We find that the estimated marginal probabilities on both variables are negatively signed and are highly significant, but of moderate magnitude only for the standard deviation of responses. Thus a unit increase in the standard deviation of responses across all questions or in the absolute deviation across similar questions would lead to a decline in marginal probabilities of around -6.073% and -0.845% respectively. As the penultimate row of the table illustrates, the inclusion of these variables -either individually or in combination -results in either a trivially small decline in the effect of age on ATR or a very slight increase.
Finally, all of the groups of explanatory variables are included together in the results presented in Table 13 , so that the effects of each can be compared. 37 We find that for this largest model, the ATR spread between <30
and +80 year-old investors decreases from 1.657 to 1.080 once we control for all other factors, and the marital status dummies lose their significance, with the remaining variables retaining their signs and significances from the previous regressions. 35 In other words, there are four pairs of questions which refer to similar dimensions of attitude to risk. For instance, the questions 'Compared to the average person, I would say I take more risks' and 'Compared to the average person, I take lower financial risks' are only subtly different. 36 Note that this analysis is only possible for the approximately 50% of the sample who answered the longer version of the questionnaire. 37 Note that this analysis can only be conducted for the sub-sample of clients for which all variables are simultaneously available, which reduces the number of observations significantly, although the remaining sample is still large in absolute terms and the key results of previous tables with larger numbers of data points are preserved. We omit both the absolute deviation of similar questions (only available for the 20 question version) and investment experience (only 403 observations simultaneously available). For brevity, we do not report marginal effects.
[Insert 
Conclusions
This paper has investigated in detail the link between age and attitude to risk using a new database from the UK that is many times larger than any previously available. We have argued that a re-examination of this widely documented phenomenon is highly valuable following changes in retirement patterns, increasing longevity, and the lack of consensus in the existing literature regarding its strength and causes. Using ordered probit regression models, we first confirm the negative relationship between age and risk tolerance documented in existing studies. We find this link to be highly statistically significant but of a modest effect (economic) size.
However, there are likely to be systematic differences in the characteristics of young versus old investors in terms of gender, education level, wealth and health status, and it is important to control for these factors before drawing any firm conclusions on the link between age and attitude to risk. For example, men are almost universally found to be less risk averse than women (Barber and Odean, 2001; Halek and Eisenhauer, 2001; Riley and Chow, 1992) ; singles tend to be more risk tolerant while married investors are less so, particularly for men (Grable and Roszkowski, 2007; Grable and Jo, 2004) , and a higher level of education improves understanding of risks and confidence in taking them and it thus tends to correlate with increased risk tolerance (Grable and Joo, 2004; Sung and Hanna, 1996) . We therefore employ a variety of control variables in subsequent regression models and find that they are only partially able to capture the effects of age on ATR, leading us to conclude that there remains a considerable age-related component of the impact that is not linked to the wide array of available demographic and other variables that we employ.
So, what other factors might explain age-related increases in risk aversion? It has been suggested that 'older individuals have difficulty imagining the future' and exhibit 'marked inattention to negative information' (Weierich et al., 2011, p.197) , perhaps as part of a wider effort to 'prune negativity from their lives when they perceive time to be more limited ' (op. cit., p.200) , which may include taking financial risks, as they focus on positive activities. There is also well established body of evidence that the optimality of financial decisionmaking declines with age (e.g., Agarwal et al., 2009) , and older investors take longer to adjust their probability estimates in gambles to the true values as more information becomes available (Deakin et al., 2004) . They also tend to use simpler heuristics-based approaches to making decisions (Kim et al., 2005; Rafaely et al., 2006) .
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It has been reported that investors over 70 earn 3-5% per year lower average risk-adjusted returns (Korniotis and Kumar, 2011) . Their increased susceptibility to scams financial fraud is also cited as evidence of poorer decision-making among older adults (Boyle et al. (2012) . This is ironic given that they are likely to be managing much larger sums of money in their investment accounts due to the longer period that they would have had to accumulate it.
Yao et al. (2011) argue that effects that have been bunched together under the age heading are actually a composite of several factors: 'what was attributed to an 'age effect' may be due to a decrease of investment horizon and depreciation of human capital as people age… ' (Yao et al., 2011, p.872) . We are able to formally test this conjecture, and we indeed observe that capacity to bear financial losses and investment horizon decline with age since older clients may consider themselves to have shorter time periods available to make up any temporary losses in asset values (Jianakoplos and Bernasek, 2006) . However, we demonstrate that these variables are insufficient to explain the age-ATR link.
When controlling for age and a host of other factors including wealth, Grinblatt et al. (2011) find a high positive relationship between IQ and stock market investment as well as better balanced and more efficient portfolios.
Extending this result to our context, it may be that the elderly eschew risky asset allocations not because they cannot tolerate risk per se, 39 but rather because in the financial context they are disproportionately more likely to make bad investment decisions and so face a less attractive risk-return trade-off (poorer diversification and more volatility) than the young; a falling confidence in their own ability may also play a factor (see Yang, 2013) . 40 Westbrook et al. (2012) argue that risk aversion is a natural response to a lack of knowledge about the optimal strategy required to achieve a more desirable outcome. They show that risk aversion among the young declines to a greater extent with clear instruction and practice in the task than is the case with older adults, which is attributed to diminished cognitive resources and a reduced ability to keep in check the effect of kneejerk, automatic responses within the latter group. It is challenging to test this proposition with real data (as opposed to an artificial experimental or survey setting), and while we find that more inconsistency in answers within the ATR questionnaire is linked with more risk aversion as the theory would predict, we are not able to uncover any evidence that this explains age-related declines in risk tolerance.
A further factor that is likely to be important in practice, but which we cannot observe using our (or any other) database, is the extent to which each older investor is saving to cover their own needs or with the intention to leave a legacy. This is key since there is a strong indication in the literature that people differ in the way that they make decisions dependent upon whether they are making choices on behalf of themselves or for others, with their willingness to take risks being greater in the latter cases (Charkravarty et al., 2011; Andersson et al., 2013) , particularly in the domain of losses (Pahlke et al., 2012) . This relates to a lesser arousal from negative outcomes when choices are made on others' behalves (Sokol-Hessner et al., 2013) . 39 Indeed, there is evidence that the elderly are more risk-seeking than the young in other (non-financial) contexts (Denburg et al., 2005) . 40 This effect may also explain the interesting observation that older investors may be more inclined to focus on their expected reactions to positive future events than their reactions to losses (Samanez-Larkin et al., 2007; Weirich et al., 2011) , and yet this positivity would usually be expected to lead them to be willing to take more, not less, risk.
Expanding the purview beyond a consideration of age specifically, a further important finding from our analysis is the overall lack of explanatory power from the broad array of demographic and other factors that we employ. This is strongly suggestive that attitude to financial risk varies from person-to-person as a result of innate personality traits in ways that are unpredictable based on observable variables, implying that it would be wholly inappropriate to classify people into 'types' with a presumption that their attitude to risk can be determined accordingly. From a regulatory perspective, we suggest that the current approach, where a financial advisor uses a formal ATR questionnaire supplemented by an extensive, broader fact find ('getting to know your client') to ascertain their needs, expectations and aspirations, is entirely the right one.
The relatively lower risk tolerance among the elderly, combined with an ageing population (caused by both increased longevity and declining birth rates) has potentially profound implications for investment markets and the cost of capital for firms and projects. Given the significant, albeit slow, declines in risk tolerance that occur with age -whatever the reason -the demand for risky assets may decline with more money chasing ever declining yields on safer assets that barely provide a positive real return. This, combined with the gradual move from defined benefit pension schemes (where the plan sponsor or fund manager determines the asset allocation and can afford to invest in illiquid, risky assets) to defined contribution schemes (where investors typically have some latitude to determine the allocation themselves), may starve risky projects such as those in infrastructure, of a vital supply of funding. This could potentially entail severely detrimental effects for economic growth in the long-term and further research is required to investigate the knock-on impacts of the investment choices of the growing number of older investors who in total control large amounts of wealth. 
Panel B: Calculated ATR Separated by Age and Gender
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Figure 2: Estimated Probability Distribution of Attitude to Risk by Age buckets
This figure shows the estimated probabilities (percentage) of client being allocated to a certain level of attitude to risk (Calculated ATR), measured in scores from 1 to 10, if his/her age (years) is in a certain bucket over the period from 1 January 2011 to 31 August 2016. The estimated model is an ordered probit (see Table 2 ) with robust standard errors, age buckets' dummies and time fixed effects (year). All probabilities are significant at the 1% significance level Tables 1 and 3 . Age 2 is measured here in years / 1,000. Capacity is measured as none or limited (N), small/medium (M) and large (L). Time is measured as short (S), medium (M) and long (L). Liquidity is measured as low (L), medium (M) and high (H). Capacity, Time and Liquidity are measured as binary variables which takes values of one according to the relative level. The reference category is none/limited capacity, short time and low liquidity (N -S -L). Marginal effects (M.E.) are reported in percentages. *, ** and *** indicate significance at the 10%, 5% and 1% levels respectively.
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